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INTRODUCTION AND SUMMARY

Smoke from a burning qlove. detected 1n a building halluay, led two watchmen to
discover flames extending 18 inches out of a Plexiglas window on a qlovebor.

The time was approximately 10 10 p.m , Hednesday, Septemter 11, 1957. The fare
had started 1n a 3 1nch high by 5 wnch dismeter can of nlutonium turnings In the
"fabrication development line" in Room 180, (first floor) of the plutonium proces-
sing and fabrication building (Building 771) of the Racky Flats Plant near Golden,
Colorado. fires in the box exhaust booster fi1lters and main filter plenum on the
second floor may have also been sta?éed around this time but were not discovered
until 10:28 p.m. An explosion of collected flammable vapors in the main exhaust

duct at 10 39 p.m. resulted n spread1ng plutonium through most of the building -

and probably contr1but1ng to the release of plutonium from the 152 foot tall stack.

The fire 1n Room 180 was controlled at 10:38 p.m. but rekindled several times. The
main filter fire was controlled at 2:00 a.m., September 12 and the fire was officially
declared out at 11:30 a.m., Thursday, September 12, 1957.

Th1s 1ncident resulted 1n an $818,600 AEC property loss and an uncertain environ-

mental release of plutonium and associated radicactivity. Estimates of this release

are given as follows.
1. "detectable but insignificant®,” J. Cpp. 771 Burlding Mre Report

2. "25,618 Microcuries recorded stach reloaseb,“ M. A Thompson, 1975 Omnibus

and 1977 Draft Rochy llats Environmental Impact Statement ERDA-1545-D, 1980

Final Rocky Flats Environmental Impact Statement DOE/EIS-0064
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3. "1 gram of plutonmium of fs1te®.” S C. Hammond. 1971 1ASI Heeting Leport
S

LA-4706
4. 1.0 + 030 (14 gram) total plutonim :nir.m*'i. ' Tobarirer o 1990

The rationale behind these release estimates 15 explaiecd in the followina

referenced paragrapns

a. "Insignificant” compared to the 1957 industry and governmental standards.
For instance, the maximum permissible level for workers was 9 dpm total long

lived alpha (TLlLa) activity per cubic weter of air. For comparison the only

]

o+ offsite air sampler with detectable TLla activity was located near Wagner

“School. From September 10-13, 1t sampled 4320 m3

of air and gave an activity
of 0.05 dpm/m3. The eight onsite air samplers operating from September 11,
8:15 a.m. to September 12, 3:30 p.m. showed no detectable activity. The

;~f1dgtect1on Timit was 0.009 dpn/m3 for three day air samples. No offsite surface

readings of direct count were above background. The average offsite removable

2 at Ward Road

Tlla activity was 4.2 dpm/100 cm®. The highest was 24 dpm/100 cm
and the C&S Rai1lroad tracks. The plant accepted offsite removable activity 1imt
was 50 dpm/100 cmz. The average onsite removable activity was 6.3 dpm/100 cmz

The highest, 51 dpm/100 cmz, was from the 991 Building roof.

b. Several assumptions were made concerning the exhaust awr flow rates September

through October 1957 and concerning the time represented by the recorded average O
N

daily releases “"before" and "after the incident " Subsequent authors (Hobbs, (§§3

Hornbacher, Kittinger, Thompson) additionally assumed that the amount recorded Qgi \

«
at the stack sampler September through December 1957, minus the average (of X

normal 1957 months) stack sampler readings was the best estimate of the 1957 fire



release. This 1s the basis of the 25,618 ,Ci release value  There 1s no

way Lo accurately quantity the veler e tram tact ampier data heeauae the
2

concentration (dpm/m”) and the flow rate wou unbnoun and fluctuating hetween

10 and 12 p m September 11, 1957,

“Offsite” meant outside the cattle fence ubich 1n 1957 was the USAEC property
Tine enclosing the approximately four square mle plant site. There are several
drafts of this report with more explicit maps and data back to March 1958

The first mention noted of “one qram of fsiLe” was n a 1970 draft of Report

LA 4756. Monthly progress reports and personal data files were searched but

no statement of basis, assumptions, method or calculation was found to indicate

the actual derivation of Hammond's estimate.

This estimate was made for this report by the author assuming the southern most

branch of the so1l activity deposition, best illustrated by Krey (1976 Health

- Physics 130, pp 209-214), was due to the ‘S7 fire. \hnd speed and direction

data from atop 123 Building in 15 minute intervals was used to predict the
exﬁected path of releases from the 771 stack. The accuracy of these assumptions
wa§ checked where possible by vegetation sampled September 12 and 13 (and contin-
ued through October 1957) and analyzed for plutomium. This model was used to
deconvolute the Krey 1976 estimate of Rocky Flats plutonium 1n Denver area

so1ls (11.4 C1) into that small portion due to the 1957 fire and the remaining
larger portion presumed from the 011 barrel lcak (1958-1969)  The release trachk
was taken as the axis of symmetry and the portion of the Krey, 1976, contours
west of this axis were rotated to provide closed and deconvoluted contours due

to the 'S57 fire The larger remainder fit a so1l deposition model based on
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vector andlysis of the 17 year wind rose. Here 1t 1¢ ascumed the deposition

pattern axis of symmetry folloued the summation of vectors vhere the wvind

-~

direction gave the angle and the quantity (v - 5)> = vector magnitude with v

being the average vind speed 10 mph (Luchs "Ine 1% chamics of Aerosols,”

Chap. V111, 1960)

Other available information sources such as air sample results, removable
activity on surfaces, sorl sample activity measurements and 1sotopic ratio
measurements were cross-checked Lo verify deposition of plutonium to the
southeast i1n 1957 rather than during the period 1958-69 assumed by Seed,
et al., 1n RFP INV 10 (1971) and Krey (1970)(1976). Both authors stated

the 1957 fire re]ease was not exp11c1t1y inclyded in the basis of their

" b
ooy ®

est1mates probab]y due to the obviously larger (approximately 90 percent)
fraction of deposition due to the barrel leak and also the uncertainties

1n the 1957 plutomum stack release estimates.
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tESTIMATES OF PLUTONIUM STORED AND LEAKED

INTRODUCTION

Seed] reports that 5,240 thuty and taftv-five 2allon steel druns contdining

up to 262,000 gallong (Maasls) of ruste ornamc liquids vere stored 11 an

area (Figure 1 and 2) established tor temporary storage in July 1958 1nside

the Rocky Flats Plant security fence. These liquids were mainly machining
lubricants and chlorinated solvents ormainatina 1n plutonium (3,570 drums),
uramum and wiscellancous (1,670 drums) operations.  Storage of the plutonium
containing 011 drums started Septebmer 1958 (H111]4) and ended January 24, 1968.
A1l other drums were removed from the storage area by June 5, 1968.

N

There is no leakage information on the uranium and miscellaneous operations

. drums, but Seed.l reports an estimated 5,000 gallons of “0311" containing

85 grams (42 to 170 grams) of plutonium leaked into the so1l. This amount

was obtained from a Maas]S estimate as follows: The maximum estimated volume
of 011 stored is subtracted from the measured volume of 011 recovered. This
quantity is multiplied by the plutonium concentration measured 1n the recovered
011. The maximum estimate of 85 grams plutonium was thus obtained.

The material balance inventory reported by Seed] and Maﬂs]5 1s shown 1n

Table 1
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Tahle
Anount Plutcnium .. Hou Obtained — . Deposition _
594 g Measured on recovery 1lters Sent to ldaho for burial
2471 g Measured 1u recovered ol .o " " "
5152 ¢ Neasured adhering to drums .o * " "
89 Maas estimate (see above method) Leaked into RF so1l
8302 q Total of above calculated originally stored 1n the

3,570 drums

The amount stored per drum 1s calculated to be 2.3 (1.2 to 4.6) arams.

» L1tt1e8 quotes another estimate based on maximum discard l1imits of 2.1 grams

per drum. Multiplying this by the 3,570 (Pu barrels stored) gives a maximum
estimate of 7,500 grams total plutonium This storage estimate 1S within the

15

range estimated by Seed]-Maas Little and Seed-Maas estimates were thought

to be accurate within a factor ¢f two.

An independent estimate by Krey et a14’5’6’7 of Rocky Flats origin plutonium
1n the Denver area (1970) soils of 11.4 C1 + 20% provides a more precise

4,6 state that the

estimate of the total plutonium release. Seed] and Krey
majority, or greater than 90 percent of the plutonium in area soils 1s the
result of the drum leak and L1tt1e8 states that greater than 99 percent of
a release 1s retained by soils Thus estimates of plutonium released by
the drum leak based on Krey data are

114 C X 9 99

tr
0 0734 vy

= 138+ 28 q Pu

|
|
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A maximum estimate of 155 4 31 qramy of plutonium may then be deduced

by assuming 100 pereent harrel Lo age and onl retention tactor:

] 19 .
Seed’ al<n reported the estimate of P 1Y loser loser constructea the
contours shoun 1n Migure 3 frou all the so1l sample results that had been

reported (see Table 2)

- Table 2
Number of
Organization Date Samples* Sample Depth**
RF! Aug. 1969- 113 3-5 cm
- June 1970
. RF] ] Dec. 1970 37 1 em.
nasL® Feb. 1970 18 20 cm (most)
CCEl Aug. 1969 18 1 em

* Results less than 13 mC1/km were assumed to be not distinguishable
from background and were not included.

** The plutonium from the May 11, 1969 fire and the drum leak resuspension
,(mainly 1968) was anticipated to be in the top 1-5 cm of soil with most
of the plutonium in the top centimeter. .

[ i
P 2 R

Integrating over these contours gave 6.7 grams plutonium within the cattle
fence (exclusive of the pad) and 7.6 grams plutonium more distant, out to

the 13 mC1/km? contour for a total of 14.3 grams plutonium exclusive of the
pad to the 13 mC1/km2 lant  This estimate was derived from most of the

so1l sample data available 1n 1970 but 1s not comparable to other estimates
because the pad and beyond the 13 mC\/Lmz areas are excluded Hammond]8 ]
(1971) stated that 5 to 42 grams of plutonium had been released by wind

transfer to the environment from the leaking drums A comparison of these

estimates 1s made in Table 3. 0170587
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lable

d ! 1.6
Haun:mnd“' Leed-lhias Proey

My nimum 5977 not ¢ timated 110 to 166 o

1
Seed-luser
&

(Pad-T3 mir/ImdY

1?7 3

Max1mum 42 g 43 to 170 y 124 to 18F ¢ 16 3 ¢ (Pad-13 nCi/kmé)

The 1980 Rocky Flats Environmental Iwpact Stateuent]ﬁ states that the
Krey4’6 estimate of 1174 Cy of plutonium 1n area soils, derived from the
data 1n Migure 4, 15 the best estwmate to date and would be accepted unti)

better information 1s available.

¥
rE -
ST,

—onwr « RESUSPENSION AND REDEPOSITION N

The adverse affects of the drum leak result aimost entirely from resuspension

1

of the soil contaminated by the leaking drums. The Seed data on the S-8

x
e "

i ﬁffsamplér (see Figure 1) provides a chronology of these releases. This data

-

indicates that although large scale leaking was detected in 1964, airborne
"™ releases were not above 0.4 pCi/m3 (TLla) until late 1967 when most of the
plutonium barrels had been removed. Most of the plutonium was apparently
released 1n 1968 when TLLw values as high as 34 pCi/m3 were measured after
all the plutonium barrels were removed. Offsite plutonium on vegetation
analyses (Hammond3) indicate a maximum plutonium release between May and
October 1968 Releases ¢ontinued 1nto July 1969 when the “temporary"” storage
area was covered with dirt f1ll. The storaaqe arca was coated with asphalt

1n November 1969 Plutonmium found on offsite vegetation in 1969, 1970,

1971 (Hannwnd3) indicate additional plutonium releases possibly resuspended
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from areas not covered by the f111 or pad. %ood] states that airborne
concentrations never evceeded the HSALC applicable auviace are standard

for radiation workers of ? pC1/m3

The estimates of the spatial distribution of the plutonium given by Sned1
(Figure 3), Krey (Figures 4 and »). and Lanqger (Figure G) do not agree
especially well. Howuever; as noted 1n Table 1. the total release estimates

compare acceptably well within their 1imits of uncertainty
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INTRODUCTION

On Sunday, itay 11, 1969, an averheat alatm o8 2 27 pm was the first
detection of a fire n the North Plutonium foundiy qlovebox line of
Building 776 The fire burned viaorously throuah combustible materials
1n connecting gloveboxes 1n Building 776 and 777 and was under control
four hours later at 6 40 p m. Al fires were out by 8 0N pm  Smal}
spot fires rekindled 16frequently during the niaght and 1nto early Monday
morning. There were no serious injuries but there was one fire fighter
who 1nhaled plutonium in excess of the maximum permissible lung burden.
The f1re, smoke and radioactive contamination damage was extensive 1n the

. operating areas of 776 and 777 Buildinas. \ -

Minor contamination was tracked outside the buildings to nearby buildings.
The restoration property loss (throuch October 1977) was 26.5 million

2, 7

do]]ars . The costs estimated 1n Septeomber 1969] were:

Plutonium fabrication work lost and recovery 22.3 million dollars

Damage to buildings, equipment and decontamination 48.4
70.7 " "

The apparent differences in the 1969 and 1977 numbers are plutonium rework,
and replacement estimates versus restoration cost. Although there were a

few thousand kilograms of plutonium stored in the two buildings, less than

10% was damaged or burned to oxide requiring reprocessing The air filtration
system was damaged but not breached and continued to function. Estimates of

the plutonium released are.
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The blach smoke observed hetween 3:20 pm and 4 10 p m. hillowing over

]

the 776 Building roof toward 778 and 750 Buildings was concluded’ to have

resulted from heat decomposing a small section of roofina  [iremen cooled
the overheated spot with water untyl 5:00 p m. It was conc]udedl the smoke
had not passed the air filtration {HEPA) system but came from the under
side of the hot spot through roof vents and there were no penetrations of

the roof by the fire.

H

o e Siae \ . - -

3o
A

e ~ PR Badiad
-

- Perimeter air sampling stations indicated plutonium concentrations in

ambient air were well below established standards. The max permissible Py~239

14

in air for the general population was 3 X 107'" yCi/ml far soluble plutonium

or 3 X 10713 yCi/ml for insoluble plutontum.

¥

+

.- About 30 vegetation samples were taken offsite after the fires. Three of

- - - s mm .-

these indicated plutonium activaty on samples southeast of the plant along
Indiana Avenue as follows: '

atsuoman Creek 179 dpm Pu/kg Veg
intersection with Hwy. 72 180 dpm Pu/kg Veg
intersection with ¥ 96th Ave. 60 dpm Pu/kg Veg

{backaround, MDA - approx 10 dpm/kg)

N4




One sample due south of the plant on lhghay 72 had 83 dpm Pu/kq Veq., and

SV

one sample southuest of the plant ot the m'eraection ot ihghvavs §3 od 72
had 74 dpm Pu/tq Veq Hone of the ather 25 veartation samples frow other
directions and distances detedted any L batonuue (apparent 1y less than '0 dpa

Pu/kg Vea.).

The source of the plutonium found on this set of saunles (veaetation was qrowing
Apral and May) was not determined and could have been resuspended from operations
in the 011 drum leak arca where momitoring indicated resusvensyon from this source
mainly 1n 1968 but continuing more than a month after the fire through July 1969

oY

-_ when the drum storage area was covered with f111 dirt. On the other hand, the

. -

drum leak plutonium resdﬁpenswon 1s thought to be deposited mainly to the eaﬁp
- - \ 1

- - «
of the temporary drum storage site where no plutonium was detected in the post

fire vegetation samples.

Figure 1 is a plot of the winds measured atop 123 Building during the 1969
fire.
FIRE CAUSE

;
The cause, time and location of the inmitiation of the fire could not be
determined exactly but 1t was surmised that a 1.5 kq briquette of scrap
plutoniur alloy wetal (probably o1ly and possibly with carbon tetrachloride)
contained 1n a metal can 5-1/2 inches deeo, 4 inch diameter and probably
without a lid, spontaneously i1anited  Subsequently this and other plutonium

metal 1anited Plexiglas and Benelex and other combustibles  One mllion

0170599
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The fire was first detected by a box overheat alarm at 2.27 p.m. followed by

-25-

one hundred seventy thousand pounds of Plvx)qlask and Rvne]oiR had been

added after Mareh 1968 an Bualdmas 776 and 777 tan neatron shelding
There was 210 previous record or recollootion of ane five e the (alloy)
briquette storage  lovwehoy 133-77 vmimre tee e v a5 thought ta have
started

There were no operators workina 1n the area Sunday, but fire watchmen had
periodically (last check 2-00 p m.) observed the gloveboxes near the

Tocation where the fire apparently started within 30 mnutes prior to

alarm detection of the fire and the fire watchmen had not noticed anything

unusual. Note that plutonium metal burns at a temperature near the 640°C ,

melting point of plutonium and 1s not visible and no odor, smoke or flames

\

are produced unti1l other combustibles are i1nvolved. Post fire examination
of Utilities recordings detected a static p-essure change 1n the glovebox

dry air system at 2:18 p.m. (synchronization with other clocks +10 minutes).

another overheat alarm at 2:29 (+ 3 minutes). The Utilities operator on the
second floor of 776 Building smelled and saw smoke coming through floor
openings about the same time and turned 1n a manual alarm at about 2:33 p.m.
A fourth alarm was recorded at 2 35 p.m. when firemen began using water from
fire hoses. (Firemen had decided to use water less than 10 minutes after

arriving at the fire).

Fire fighting efforts were rated excellent and heroic  The use of water on
burning plutonium did not produce hydrogen explosions {only “showers of

sparks") and there was no nuclear criticality at any twme
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Investigators found no evidence the fire wes wntentionallv started

Following the fire, Hartvllll repor Led analyses of plutonium an the

Denver area soitls and concluded more than a curie of plutonium had been
released 1n the “ay 11, 1969 fire [itensive analysis ard investigations
reported by Krey (1970)]?, and Seed (1971)3 concluded most ot the plutonium
1n Denver area soils near Rocky Flats was from the 011 drum leak incident
(1958-1969) and that other plutonium 1n soills more distant from the Rocky

Flats Plant was from worldwide {(weapons) tallout.

O &

i £
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INTRODUCTTON

A oshipment of 2ciap plutomiaw vecerved by Yook o P lats (00} March 19, 1973

from Lawrence Liveruore Laboratories {001 tar vocavenry and reprocessing of

the plutomium contained an unanticipated and unmeasured amount of tritium

later estimated to have been 500 to 2000 C1 The tritium contaminant was

not detected at LLL Shipping or RI Receiving, Precessinq or laste Control, nor

was there any mention of tritium or sugqestion of previous tritium contamin-

ation 1n the shipping papers. The tritium release was not recognized and

confirmed until early September 1973. The source of the tritium was identified

and reported] November 26, 1973.
i i . -

o S P
— et

The scrap plutonium had been processed April 9 through 25 by procedures

approved for plutonium (nontritiated) recovery, and waste processing before
discovery of the tritium contamination. Since the process was not designed

for tritium coq}r&}. an estimated 350 Lo 1600 €1 of tritium was released in
exhausted air énd 150 to 400 Ci was located 1n process and waste waters.
Processing of the waste waters had resulted in 100 to 300 Ci tritium 1n
onsite tanks, basins and ponds and 50 to 100 Ci n the Great Western Reservoir

(avd. 0.01 uCi/1 for 3 monthsz).

RECOGNITION OF THE PROBLEM

The plutonium scrap, later i1dentified as contaminated with tritium, was
received March 19, 1973. The radioactive gas monitoring instrument in the
receiving builting (554) did not indicate tritium. The cause of this was

not reported but three possibilities are:

0170805




-30-

1 The 1nstrument was intermittently used and was not turncd on
2. The wngtrunent did not bave sensitivity ta Jdotect The v dum
throuah <eals,

3. The tritiur detected could not be dictinauished from anterfering

engine exhaust qases

Thus, the problem was not recoqnized at this time and the scrap was

processed without any further monmitorina for tritium -

Prior to this (1972) RF personnel trained Colorado Department of Health (CDH)
personnel 1n environmental tritium sampling and analysis, and had instituted

a sampling program for tritium and other radionuclides. Tritium sample rgsu}ts

" e ~

o - e e ¥

during 1972 showed good agreementﬂat background levels (500-1000 pCi/1) between CDH
and RF. In 1973 environmental saniples were not checked for tritium by RF prior to
September. CDH sampled plant effluent during the entire year, and on April 24, 1973,
a ﬁout1ne monthly wat@f?:suilv?tullbctcd by (D lrow Walnut Creck at Indiana ﬂ
Avenue indicated what ;agﬂlater identified as tritium. At the time, however,

it was not distinguished from possible chemical interference. On May 24, 1973,

another simlar COH sample from Walnut Creek indicated higher results equivalent

to 3,000,000 pCi/1 tritium vwhich equalled the maximum permissible concentration

specified for uncontrolled areas and which was well above background level.

i

CDH questioned RF by telephone (approxiumately three calls June 26 through
August) and at a June 26 Information [xchanae Mecting  Rocky Flats had no
knowledge of any tritium being processed, and did not believe the known
small quantities of tritium i1n sources, targets, etc on the plant site

could have accounted for the anomolous results. Colorado Department of lealth
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continued samplina after May 1973 and these samplces shoved decreasing
concentratiens each wonth Fhe subject ot Ot was discussed aganwn

by COH 1n the July 31 Information Fxchange Meetina wath RF It was aareed

Lo request that the tavirammental 1otection Aqency (EPA) perform confurmatory
sampling. The EPA confirmed clevated tritium levels the weeh of September 6,

1973.

On September 13, 1973, CDH and EPA personnel touréd Rocky Flats Plant facilities
and obtained additional water samples to be analyzed by several EPA and USAEC

laboratories. These analyses all verified elevated tritium levels 1n Rocky

Flats effluents.

b

\ i

A 1etter2 was written by CDH to the Governor of Colorado on September 14

asserting that (subject to confirmation) Rocky Flats was the probable source of

a release of tritium which caused tritium concentrations equal to the maximum -~

allowable in Walnut Creek waters.  The release started in April, reaching the
maximum in May and had declined after that. The Broomfield water supply remained
at a much lower concentration and had not reached or exceeded the guide levels

for drinking water.

Internal searches and audits for a source of tritium by Rocky Flats starting 1n

June and continuing through September were unable to find a probable tritium source.

Finally, on September 20, 1973, H C Donnelly (USAEC Manager of Albuqueque Operations

0ffice) appointed an AEC 1nvestigating commttee with Donald Ofte as Chayrman. This

committee investigated and reported] the probabhle source of the tritium 11/26£73-
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COSTS AND LOSSLES
The cost for onarte decontarnne{yon v o e bt he T ﬂfil bt vas
- }
1
later ron0r19d3 1 have baee Y L T Ve st mmurie s

nor occupational exposine  eveeodine Tae et ey guar * o or 5 rem per

year quidelines

The tritium released affsite was deterimned Lo not have posed a public health
hazard. It was calculated a typical Broomtield resident drinking Great

Western Reservoir water 1n 1973 would receive less than 1.4 millirem compared
to a maximum permissible level of 170 m1lirem. . ‘

v

\

1

i

Perhaps the greatest loss was to plant credibility as evidenced by more than

100 articles unfavorable to Rocky Flats handling of the i1ncident.

g
& t
- o B

.

There were expenditures to improve Rocky Flats receiving and effluent air

and water monitoring capabilities including the following:

A1l shipments of radioactive materials are checked for tritium and other

beta activity emssions.

Two wide beta analytical anstruments were putchased and are used by Rocky

Flats to wonitor tritium and olher bela acLivily emittors 1n burldings,

N ad

plant effluents and environmental samples

Exhaust air from buildings reprocessing nuclear materials 1s routinely

monitored for tritium. !
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